The clinical importance of the gram-positive anaerobic cocci (GPAC) isolated in 1987 at St Bartholomew's Hospital, London, is assessed. Of about 800 anaerobic isolates, 209 (27 YO) were GPAC, of which 67 (32%) were from abscesses and 22 (11 YO) were in pure growth. Four species comprised 77% of the 168 isolates available for study: Peptostreptococcus magnus (55 isolates, 33 YO), P. micros (23, 14 YO), P. asaccharolyticus (24, 14 Yo) and P. anaerobius (27, 16 YO). Different species were associated with different sites, from P. magnus (usually skin-associated sites ; normally cultured with aerobes, infrequently with other anaerobes), P. asaccharolyticus (distributed widely) and P. anaerobius (usually genitourinary and gastrointestinal; always below the diaphragm) to P. micros (always deep sites with other anaerobes). P. magnus was isolated from 15 abscesses and was obtained in pure culture from 11 specimens, six of them abscesses developing from infected sebaceous cysts. P. micros was usually isolated from soft tissue abscesses, never from the skin, and with a characteristic mixed flora consisting of " Streptococcus milleri" and anaerobic gram-negative rods. P. heliotrinreducens was a rare isolate from similar specimens. P. asaccharolyticus was cultured from a wide variety of sites, typically mixed with both aerobes and anaerobes, and frequently from abscesses. Most isolates of P. anaerobius came from gastrointestinal or female genitourinary specimens, never from above the diaphragm and rarely from the skin; cultures were usually heavily mixed. Isolates of P. vaginalis and the " bGAL" group made up 11 YO of strains and were usually cultured from superficial sites, P. vaginalis often from post-operative wound infections with Staphylococcus aureus. There were only two isolates of P. hydrogenalis, three of P. tetradius and none of P. barnesae, P. prevotii, P. lacrimalis, P. lactolyticus, P. productus or Peptococcus niger. GPAC are a heterogeneous group associated with a wide variety of infections, particularly abscesses, and are frequently isolated in pure culture. They deserve further study.
Introduction
Gram-positive anaerobic cocci (GPAC), placed in the genera Peptostreptococcus and Peptococcus, are neglected but important human pathogens. They are the second commonest group of anaerobes isolated from clinical sources, consistently accounting for 2 M O YO of all anaerobe~.l-~ However, little is known about the relative importance of individual species because the classification is unsatisfactoryG-lo and laboratory identification has been ~nreliable.~. [11] [12] [13] Two recent comparative surveys3~ used identification systems relying heavily on carbohydrate fermentation l3 unfortunately, most species of GPAC are asaccharolytic,'. lo, l4 so that differentiation has depended largely on negative results. Thus, cell size is the method usually recommended3* lo* 12, l3 to distinguish between two of the most important species, Peptostreptococcus magnus and P. micros. Five new species have been described recently,15-17 but there are few data yet on their identification or clinical importance.
The problems with laboratory identification have been lessened by the introduction of pre-formed enzyme kits,'O, 18-20 based on tests for the presence of saccharolytic and proteolytic enzymes. These kits were used to characterise a collection of 256 clinical strains, isolated in 1986-1987 at St Bartholomew's Hospital, London.21 Of these strains, 246 (96 %) were placed in 12 enzyme groups. There was complete agreement between grouping with pre-formed enzyme kits and the results from volatile fatty acid (VFA) analysis by gas-liquid chromatography (GLC). A detailed analysis of the clinical significance of the 209 isolates of GPAC from 1987 described in that report is now presented. Other specimens were inoculated on to pre-poured Blood Agar (Tissue Culture Services) and MacConkey agar, and incubated in air + CO, and anaerobically, as above, for 48 h, with neomycin and chocolate plates if appropriate. Anaerobic plates from these specimens were incubated in jars equipped with palladium catalysts and Gaspaks (Becton Dickinson, Oxford). Anaerobes isolated from these specimens were recorded and saved for further study only if they were in heavy growth and reasonably pure.
Ident $cat ion of GPA C
Strains of GPAC were identified as described previously;" briefly, the techniques used were the gramstained film and colonial morphology, the detection of VFA production by GLC, the pre-formed enzyme profile obtained with the ATB 32A kit (bioMkrieux, Basingstoke, Hants), and the antibiotic sensitivity pattern. A Pye-Unicam series 104 gas chromatograph was used for the detection of VFA. Other anaerobes were named and identified according to Holdeman Moore et aL8 and the API 20A system (bioMirieux). The pelvic strains were isolated from the perineum, superficial groin or thigh wounds and pressure sores, and were frequently accompanied by a heavy mixed culture suggestive of faecal contamination ; only six (25 %) were from abscesses. The superficial sites on the leg were mostly ulcers or infected post-surgical wounds; none was an abscess. Thirteen isolates from superficial sites were cultured pure, of which eight (including six P. magnus) were from infected sebaceous cysts on the upper body and five (including three P. rnagnus) were from post-operative wounds. Staphylococcus aureus was cultured from nine (69 O h ) of 13 specimens from the leg but from only six (1 8 O/O) of the 34 specimens from the upper body. There were only Strains of P. micros were also isolated from four peritonsillar abscesses and one abscess in the roof of the mouth, with streptococci and other anaerobes (Fusobacterium spp., four strains ; Bacteroides spp., five strains) in all cases. Apart from one strain of P. heliotrinreducens from a tooth abscess, P. micros was the only GPAC isolated from the mouth. Antral washouts from 23 cases of sinusitis, which were usually chronic and purulent, yielded GPAC, notably P. magnus (10 isolates), P. micros (six isolates) and the only two strains of Hare group VIII; a wide range of organisms other than GPAC was also cultured. Other anaerobes were always present if P. micros was isolated but they were cultured from only two of 10 specimens with P. magnus. Four pleural empyemas yielded two strains of P. micros (both with fusobacteria and other anaerobes), one strain of P. heliotrinreducens (with " Str. milleri" and two Bacteroides spp.) and one of P. vaginalis (with Pseudomonas aeruginosa). There were no pure cultures of GPAC from deep sites above the diaphragm.
Abdominal andanorectal specimens yielded 38 strains (18%, table V), 23 of them from abscesses. Most groups of GPAC were represented. P. anaerobius was the commonest species, accounting for 1 1 (34 YO) of the 32 available strains, but, like other GPAC from these sites, it was almost always associated with a heavy mixed growth of other organisms. Post-operative wound infections of the abdominal wall yielded four of the eight isolates of P. magnus (two in pure growth), but twice P. magnus was cultured with faecal flora from anorectal abscesses. A primary ischiorectal abscess in a previously well 27-year-old woman yielded an isolate of P. asaccharolyticus in pure growth.
Genitourinary tract specimens yielded 40 (19 %) isolates. Of the nine specimens from males, one strain of P. magnus (in pure culture) and one of P. anaerobius (with a Bacteroides sp.) were from scrota1 abscesses. Five strains from semen probably reflect the normal flora of the distal urethra. Of the 31 strains from women (table V), P. anaerobius (nine of the 25 available strains, 36 YO) was again the commonest species but was not associated with any specific clinical condition. The placenta of a case of intra-uterine death yielded an isolate of P. magnus in pure culture. Two Bartholin's abscesses yielded a pure growth of P. anaerobius and a pure growth of an organism that died on subculture. The remaining strains included most groups of GPAC in association with vaginal flora. The variety of organisms isolated from IUCDs suggests that the specimen was often contaminated with vaginal flora, before or during removal.
Other sites. A strain of P. magnus was isolated with a coagulase-negative staphylococcus from an infected aortic graft ; an infected fernorofemoral graft yielded an unidentified organism similar to P. micros in association with Porphyromonas asaccharolytica and S. epidermidis. In 1987, there were no isolates of GPAC from blood and only two from musculoskeletal sites (one P. anaerobius, one unsaved), both mixed growths from cases of chronic osteomyelitis. However, in 1986, specimens from joints yielded three isolates of P. magnus (septic bursitis of the knee, with S . aureus; septic effusion of the elbow, with a coagulase-negative staphylococcus; and an indolent tibia1 sinus, with a coliform and an Enterococcus sp.) and three isolates which were not available for study.
Analysis by species of GPAC P. magnus was much the commonest species of GPAC, accounting for 55 isolates-33% of those available for identification and c. 7 % of all anaerobes isolated at St Bartholomew's Hospital in 1987, It was the commonest GPAC in superficial sites (48 YO of the isolates available for identification) and antral washouts (50 YO) but was relatively scarce in specimens from the abdomen and gastrointestinal tract (25 YO) and the female genitourinary tract (12%). It was the most frequent organism in abscesses (table IV) but it was recorded proportionally less often than several other species. Most of the abscesses, and nine of the 11 specimens from which it was cultured pure, were from superficial sites; 76% of isolates were cultured with aerobic or facultative organisms but only 35% with other anaerobes (table 11) .
Twenty-three strains of P. micros were isolated, 15 (65 O h ) of them from deep sites above the diaphragm; it was never cultured from superficial sites. P. micros was strongly associated with soft tissue abscesses (13 isolates, 57 %, including both brain abscesses, all four peritonsillar abscesses, two of the four pleural empyemas and two anorectal abscesses) but it was also cultured from three IUCDs and six purulent specimens from cases of chronic sinusitis. Unlike P. magnus, it was isolated with aerobic or facultative organisms in only 55 Yo of specimens but it was invariably cultured with other anaerobes; it was frequently associated with a distinctive abscess-type flora, typically streptococci (1 1 isolates, eight of them "Str. milleri"), Bacteroides spp. (1 8 isolates) and Fusobacterium spp. (15 isolates). It was cultured less often with S. aureus (two isolates) than it was with Veillonella spp. (three isolates). The five isolates of P. heliotrinreducens were all from polymicrobial abscesses but from a wide variety of sites : a superficial skin abscess in a diabetic, a pleural empyema, and tooth, abdominal wall and perianal abscesses. The abscess flora was remarkably similar to that found with P. micros: "Str. milZeri" (two isolates), Bacteroides spp. (nine isolates; all five specimens), Fusobacterium spp. (two isolates) and coliforms (two isolates).
Butyrate-producing GPAC were often very difficult to characterise satisfactorily.'l However, 24 isolates were identified as P. asaccharolyticus. This species was not associated with any particular disease process or anatomical site ; nine isolates were from superficial sites, four from abdominal specimens and five from the female genitourinary tract. It was cultured from 10 abscesses, two in pure growth-one abscess developing from a submandibular sebaceous cyst and the ischiorectal abscess mentioned above. It was also the only isolate from a urethral swab in a case of urethritis, although its significance is questionable. It was usually isolated with aerobic or facultative organisms (87 O/ O of specimens) and other anaerobes (79 YO).
Of the other recognised butyrate-producing species, P. indolicus, a species of veterinary importance,". 23 was cultured on only one occasion, in pure growth from a superficial abscess. Regrettably, full clinical information was not available. The sole isolate from 1986 was cultured from a perineal abscess with faecal flora. There were only three isolates of P. tetradius, all from vaginal specimens, and none of P. prevotii. Of the five newly described species,l6< l i two correspond to previously characterised groups, Hare group I11 with P. hydrogenali~'~~'~ and the "ADH" group with P. v a g i n a l i~.~~* '~ The two isolates of P. hydrogenalis came from a purulent sternotomy wound (with Escherichia coli) and an infected pacemaker site (with a "bGAL" group strain of GPAC). The five isolates of P. hydrogenah in 1986 were also cultured from superficial sites (long-standing foot ulcer ; preputial sac; labial cyst; mastoidectomy wound; umbilical swab). Ten isolates (6% of those available for study) were identified as P. vaginalis. Five were from post-surgical wound infections (two from the leg, two inguinal and one from the trunk), of which three were cultured with S. aureus and one was pure (from an infected skin graft on the leg). One was isolated from a pleural empyema with Ps. aeruginosa. The clinical information on the other four strains was, unfortunately, very incomplete, although two were cultured with S. aureus from the foot. Of the eight isolates placed in the "bGAL" group, two came from skin-related abscesses (of the breast and inguinal region) and four others from other superficial sites-a fungating carcinoma of the breast, an infected post-cardiac thigh wound, the pacemaker site mentioned above and tissue from a bed sore. Isolates of P. vaginalis were usually cultured with aerobes rather than with other anaerobes but "bGAL" group strains were associated with both aerobes and anaerobes (table 11) . The other six butyrate-producing isolates were heterogeneous. One, with a Bacteroides sp., came from a primary thigh abscess in a diabetic.
The distribution of P. anaerobius (27 isolates) was unique : it was not cultured from above the diaphragm but it was the commonest GPAC in gastrointestinal specimens (1 1 of the 32 available isolates, 35 YO) and the female genitourinary tract (nine of 25,36 YO). Only four isolates (15 YO) were from superficial sites. Most isolates were cultured with aerobic or facultative organisms and anaerobes in a heavily mixed faecaltype flora. Eleven isolates were from abscesses, nine of them intra-abdominal or anorectal, which were also usually heavily mixed; the isolate from a Bartholin's abscess was the only pure culture. The one isolate of the "ivoricus" group in 1987 was from normal skin flora. The isolates from 1986 were from an IUCD, an infected leg wound (in heavily mixed culture) and the preputial sac of a case of balanitis. Both isolates of Hare group V I I P in 1987 were in mixed culture from antral washouts from cases of chronic sinusitis; there 
Discussion
A standard text27 recently stated that "the need for determining [the identity ofJ species [of GPAC] is often questioned since differences in pathogenic potential for the various anaerobic gram-positive cocci are not well defined". This report shows clearly that there are major differences, in the frequency with which they are isolated, the sites from which they are cultured and the organisms with which they are associated. However, this survey has major limitations: firstly, it is a retrospective analysis-some of the clinical information is incomplete and 20 YO of the GPAC isolated in 1987 were not available for study; secondly, the patient population at St Bartholomew's Hospital is not typical, as there were few orthopaedic and no obstetric specimens. This is unfortunate as P. magnus is recognised as a significant cause of septic arthritis, usually in the presence of joint prostheses,28~29 and because the original descriptions of GPAC as human pathogens (in the guise of "anaerobic streptococci") came from cases of puerperal sepsis.3o, 31 Fortunately, this condition is now very rare in developed countries, although it may not be in the developing Regrettably, the placental specimen from which P. magnus was obtained in pure culture was sent from another hospital and we could not obtain more complete information on the cause of intra-uterine death. The collection and transport of specimens were not as rigorous as in some surveys, such as that of Brook ;4 nevertheless, some extremely fastidious species, e.g., P. heliotrinreducens, were cultured successfully.
With these reservations, over 200 strains of GPAC were isolated in this laboratory in 1987-almost one per working day. They were cultured in pure growth from 22 specimens (1 1 YO of total), almost always in situations where they were of clinical significance; 67 (32 YO) isolates were from abscesses. These findings agree closely with other surveys.'-4 P. magnus stands out as the most pathogenic species of GPAC. It was much the commonest species overall and by far the commonest species isolated in pure culture; it was associated particularly with abscesses arising from sebaceous cysts and superficial wound infections. It was the second commonest of all anaerobes in four major surveys, those of Wren et aZ., ' respectively, compared to 7 % in this survey. Sanderusing cases from Wren's survey, described three diabetics with infections of the foot in which P. magnus was cultured pure. It was isolated from 15-20% of diabetic foot infections (abscesses, osteomyelitis and necrosis) by Wheat et ~1 .~~
The retrospective study of Bourgault et a1. 28 documented 222 patients from whom P. magnus was isolated, in pure culture in 32 cases (12%); it was the commonest species of GPAC isolated over a 3-year period and was particularly associated with soft tissue and bone and joint infections. It was more usually isolated with aerobes or facultative organisms than with other anaerobes, but, in contrast to this report, only one pure culture from a sebaceous abscess was documented. Some of these cases were analysed further in a series by Fitzgerald et ~l . ,~' in which P. magnus was the commonest anaerobe in cases of post-traumatic and post-operative anaerobic septic arthritis ; there are similar reports, usually associated with the presence of prosthetic implant^.^^^^^ Brook4 associated it with bone and chest infections. There are also case reports of fatal end~carditis,~~ paravalvular abscess round a bioprosthetic aortic valve,38 purulent pericarditis and media~tinitis,~~ and anaerobic necrotising pneumonia complicated by pyopneumothorax.40 These reports illustrate the range of serious and potentially fatal infections which P. magnus can cause; most can be linked to the skin as the source of the organism. However, the identification methods used in some of these cases are unclear or open to criticism. Recently, Edmiston et ~1 .~' reported that P. magnus was the commonest organism cultured from a series of 52 nonpuerperal breast infections; GPAC constituted 49 % of all isolates and predominated in both acute and chronic cases. P. magnus is undoubtedly one of the commonest anaerobic pathogens; its importance, particularly in the development of post-operative wound infections and superficial soft tissue infections, deserves much fuller study.
The pathogenic potential of other species of GPAC is very poorly understood, mainly because of problems with identification, but also because most isolates come from mixed cultures, often from superficial sites where they could be part of the normal commensal flora. Therefore, it is very often difficult to know whether they are part of the disease process or are just "fellow travellers". P. micros is a good example. This species accounted for only 4 YO of all GPAC in Brook's survey4 but 9 % in R~senblatt's;~ it has also been implicated in a case of vertebral o~teomyelitis,~~ four cases of post-operative septic arthritis," nine of nonpuerperal breast infe~tion,~' five of b a~t e r a e m i a~~ and four diabetic foot i n f e c t i o n~.~~ In this survey, it was the only GPAC isolated from peritonsillar abscesses and it may indeed by the predominant GPAC in oral pathology: it was the commonest organism (1 7 YO of total) in a study of endodontic and has been associated with progressive period on ti ti^.^^ However, these figures would presumably include P . heliotrinreducens, which can best be differentiated by its pre-formed enzyme p r~f i l e . '~,~~ P. micros is a slowgrowing organism that is unlikely to be cultured successfully unless grown under strictly anaerobic conditions. We found that familiarity with the highly distinctive colonial morphology21* 47 led to a steadily increasing isolation rate, from 4.5% of all GPAC isolated in 1986 to 10 YO in the first half of 1987 and 19 YO in the second half. We believe that isolates of P. micros are often missed. This is even more true of P. heliotrinreducens, of which the colonies are less distinctive and take even longer to grow. 46 In this survey, the natural history of these organisms was remarkably similar-both were isolated typically from polymicrobial abscesses in association with a distinctive group of other anaerobes. Are they just "passengers" that manage to colonise the nutritious environment of an abscess after, for instance, isolates of " Str. milleri" have done the initial damage? Or do they contribute greatly to abscess formation? In a polymicrobial specimen, it is very difficult to know. Certainly, in preformed enzyme kits, both species are highly proteolytic-more so than any other species of GPAC. In a subcutaneous abscess model in the mouse,48 abscesses were formed more easily by combinations of GPAC and facultative organisms than by GPAC alone. We suggest that with both of these species, we are seeing only "the tip of the iceberg"; it is natural to perform more thorough microbiology on important specimens such as abscesses, particularly from sites such as the brain or pleural cavity. These organisms may be present quite regularly in a wide variety of specimens, but die during transport, or be overgrown by more rapidly growing bacteria such as coliforms; they may not be visible before cultures are discarded, or they are just not recognised.
The position of P. asaccharolyticus is less clear-cut, both taxonomically and clinically. It accounted for 14 % of all available isolates and 17 % of those from abscesses, and was cultured pure in three instances. However, unlike the other three major species, it was not associated with any particular site or infection. Organisms identified as P. asaccharolyticus accounted for 2 1 YO of GPAC in Rosenblatt's series3 and 18 YO of and have been isolated from two paediatric intracranial five cases of b a~t e r a e m i a ,~~ 12 diabetic foot infection^,^^ 12 breast infections42 and one peritonsillar Standard identification manuals3* 8g l 2 have characterised all indole-positive, butyrate-producing GPAC as P. asaccharolyticus or P. indolicus, but this group is more heterogeneous :67 10,19-21 another indole-positive species, P. hydrogenalis, has recently been described16 and a few isolates of P. vaginalis produce indole.21 There is strong genetic and phenetic evidence that P. asaccharolyticus as currently defined' is not a homogeneous species6, l o r 21 and may include indole-negative Seven (29 YO) isolates in this survey were provisionally placed in a different group B,21 of which three were isolated from superficial abscesses (of the face, neck and breast), two from sacral sores and two from antral washouts. Before the clinical importance of P. asaccharolyticus can be defined accurately, the classification needs to be improved. This is even more true of the indole-negative, butyrate-producing species, of which there are now five-P. prevotii and P. tetradius, and the newly described P. lacrimalis, P. lactolyticus and P. However, many of these isolates may have been indole-negative strains of P. asaccharolyticus,6i21 P. vaginalis or the "bGAL" group. The latter group is still not adequately defined (or named!) but, in this survey, P. vaginalis and " bGAL " group strains accounted for 18 isolates (1 1 YO of those available for study) and were often cultured from important specimens, particularly post-surgical wound infections. Both groups were usually isolated from skin-related sites, but whereas P. vaginalis was most frequently cultured with S. aureus, " bGAL" isolates were more likely to be cultured with other anaerobes. Isolates of P. hydrogenalis also came from superficial sites, but their limited number suggests that this species may be less significant. We conclude that the classification and laboratory identification of all butyrate-producing cocci need much more thorough study; in particular, the value of the indole test, on which great emphasis has been placed,8,10v 12. l 3 is very much open to doubt.6*21.51252
As with P. micros, P. anaerobius was associated with polymicrobial, soft-tissue abscesses ; however, most isolates were from intra-abdominal sepsis or the female genitourinary tract, in association with faecal floraoften coliforms and enterococci-unlike the organisms associated with P. micros. It was isolated occasionally from superficial sites, but usually where faecal contamination was likely. P. anaerobius is the easiest species of GPAC to identifyl2. 21-colonies are usually visible after overnight incubation and have a characteristic "plasticine" smell-so, unlike other species, it is likely that the majority of significant isolates in this survey were cultured successfully. Its pathogenic importance in this study was much less clear-cut than that of the three other major species. Yet it has been reported from three cases of septic arthriti~,~' 13 diabetic foot infection^,^^ an endodontic three peritonsillar absce~ses,~' three breast infections42 and a post-thoracotomy sternal wound infe~tion~~-a much wider variety of sites than recorded in this study. It accounted for 10 YO of GPAC in Rosenblatt's survey3 and 18% in brook'^.^ The possibility that it is an important component of mixed anaerobic infections, particularly gynaecological, deserves further study. The clinical contexts of the few isolates of "ivoricus" and Hare group VIII do not suggest that these groups are of much clinical importance.
Therefore, there appears to be a spectrum from mainly skin-related species (P. magnus and P. vagina h ) , through " bGAL " group strains, P. asaccharolyticus and P. anaerobius to the species associated with deep infections, P. micros and P. heliotrinreducens. The sites from which the different species were isolated correlated with the associated organisms and the proportion of aerobes to anaerobes cultured. Most anaerobic infections are believed to develop from the endogenous and GPAC are known to be present on most body surfacess, 1 3 7 2 7 , 5 4 but commensal isolates of GPAC have rarely been identified to the species level. Recent studies have led to the recognition of four new l7 including P. vaginalis, but there are undoubtedly several more species which have not yet been properly described-some of which (for instance, " bGAL ", " ivoricus " and Hare group VIII strains) were isolated from clinical specimens in this survey. Therefore, further and more detailed studies of the commensal flora are needed, with the aims of identifying isolates to the species level and the description of new species. Until a more satisfactory classification for GPAC is available, a significant proportion of clinical isolates will be unidentifiable-or misidentified.
Other areas need further study, particularly culture methods. At present, primary isolation usually requires prolonged incubation-often for 5 days-by which time many isolates have been overgrown by more rapidly growing organisms, or the results are no longer of much clinical relevance; hence there is an urgent need to develop selective media that enrich for GPAC, to permit more rapid isolation. Other research should include prospective studies of the range of infections caused by GPAC, supported by careful specimen collection as detailed by Very little is known of the pathogenesis of infections caused by GPAC. This report cannot do more than document the association of certain species, for instance P. vaginalis with S. aureus. However, Brook and Walker4' have developed a mouse abscess model to study the importance of individual isolates in mixed cultures, and have shown that only heavily capsulate isolates of anaerobes were able to induce abscesses. Recently, Krepel et aZ.55-56 have extended the work of Edmiston et ~l . ,~~ by comparing isolates from non-puerperal breast abscesses, diabetic foot ulcers and intraabdominal sites. Finding that abscess and ulcer isolates were much more likely to produce collagenase than intra-abdominal strains, they suggested that production by P. magnus of proteolytic enzymes could have an adjunctive effect on the development of soft-tissue infections. Studies of virulence factors might clarify the pathogenic potential of different species of GPAC.
This survey and others28,29 have shown that GPAC, particularly P. magnus and P. asaccharolyticus, can be isolated in pure culture from significant infections. We recommend that specimens to be cultured for anaerobes should include pus from superficial infections and all joint fluids, particularly when foreign material is present. Agents with known activity against GPAC, such as penicillin or metronidazole, should be considered in empirical therapy for these infections. GPAC should be fully identified by routine laboratories when they are isolated in pure growth or from important specimens such as blood and deep organ abscesses. Greater awareness of the laboratory characteristics of the different species of GPAC would increase isolation rates; colonies of P. micros and P. anaerobius, in particular, show a highly distinctive morphology. 21 GPAC have received much less attention than some other groups of anaerobes, particularly clostridia and Bacteroides spp., a neglect disproportionate to their clinical importance. This report has demonstrated that different species are isolated from different infections and are associated with distinct groups of other microorganisms. The recent advances in classification and identification should stimulate more thorough study of an interesting and important group of human pathogens. 
